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Many  volcanic  and  non-volcanic  areas  in  Italy  emit  a  huge  amount  of  gas  into  the  atmosphere.  Non-volcanic 
sources in central Italy emit a huge amount of carbon dioxide (CO2) which has a molecular mass greater than that 
of air. Under stable atmospheric conditions and/or in presence of topographic depressions, its concentration can 
reach high values resulting fatalities to humans or animals.   Several episodes of this phenomenon have been 
recorded in central Italy and elsewhere. Although from a theoretical point of view, gas dispersion can be fully 
studied by solving the complete equations system for mass, momentum and energy transport, in actual practice, 
simplified models able to describe specific phases or aspects of the dispersion problem have to be used. In order 
to simulate dispersion of a heavy gas and to assess the consequent hazard, we used the established TWODEE 
model, which is based on a shallow layer approach. This technique uses depth-averaged variables to describe the 
flow behaviour of dense gas over complex topography represents a good compromise between the complexity of 
CFD models and the simpler integral models.  We present preliminary results for a vented CO2 release in central  
Italy using the TWODEE  model.  We find that the dispersion pattern is strongly affected by the steep terrain, and 
the ambient windspeed.
CO2 emissions are a serious hazard in many volcanic areas including the Caldara di Manziana.  Although the 
source is reasonably well specified, the subsequent dispersion of the emissions is a complex physical process: it is 
affected by local topography, meteorology, surface roughness, atmospheric stability.  We used the established 
shallow  layer  model  TWODEE  to  simulate  CO2  releases  over  the  Caldara  di  Manziana,  and  found  that  
concentrations were strongly affected by the local topography, and windspeed and direction.  
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Because real dispersing dense gas clouds do not have uniform 
vertical profiles, it is necessary to define depth averaged variables 
using a formal system.  The equations above show how this is 
done in the context of the TWODEE model.  The quantities are 
defined  so  that  buoyancy  flux  is  simple;  the  other  terms  have 
nondimensional shape factors that are, by convention, set to unity.
 
The  shallow  water  equations  (equations  above)  represent  the 
vertically  integrated  Euler  equations  for  invicsid  fluid  flow;  an 
exponential vertical distribution is assumed [3].  The entrainment 
velocity  uent  is  determined  using  standard  parameterizations  [3].  
The  TWODEE  computer  model  simulates  these  shallow  water 
equations, together with boundary conditions that ensure a front 
Froude number of unity [4].
The  shallow  water  equations  are  a  severe  test  of  numerical 
solution methods: discontinuities (such as the leading edge) can 
result  in  severe  nonphysical  numerical  oscillations.    TWODEE 
uses  the  flux  correction  scheme  of  Zalesak  [6]:  numerical 
overshoots  are suppressed, unless they are of physical origin.
TWODEE has been applied to problems including continuous and 
instantaneous  releases  of  heavy  gases  [5]  in  an  industrial  risk 
assessment context.
The TWODEE model has been compared with experimental data 
including  laboratory  and  field  experiments;  predictions  are 
generally accurate to within a factor of two [4].
Here  TWODEE  is  applied  to  degassing  problems  using  a 
logarithmic velocity profile and best-estimate gas flow rates. 
Motivated  by  the  low  aspect  ratio  of  typical  heavy  gas  flows, 
shallow layer models use depth averaged variables (equations) to 
describe the flow behaviour. Shallow layer models for heavy gas 
dispersion  are  physically  realistic,  computationally  cheap,  and 
suitable for assessing a variety of industrial and geophysical risks, 
including CO2 dispersion from volcanic vents.
Shallow layer models are a compromise between the complexity 
of  CFD  models  and  the  simpler  integral  models  [3].    They  are 
particularly  well  suited  to  assess  the  effect  of  complex  terrain 
because the downslope buoyancy force is easily included.
GOVERNING EQUATIONS 
AND COMPUTATIONAL MODEL 
Here we report one example of the results obtained by using TWODEE applied to the gas emission in the area of 
"Caldara di Manziana" (Italy). In this case, the main component is CO2 and, typically the lethal concentrations reach 
a few tens of centimetres above the ground level. The figures show the average height h and the buoyancy per unit 
area for an East wind of 0.6m/s (left) and a West wind of 1.0m/s (right).
Map  of  Earth  degassing  in  central  south  Italy  based  on  the  CO2 
dissolved in the main springs.  The figure shows the probability that a 
deep source of carbon in present as a function of location.  The map is 
compared  with  the  recent  seismic  activity  recorded  by  the  National 
Seismic Network of INGV.  The location of active volcanoes and of the 
main gas emissions is reported for comparison [1] 
The main component of the gas emissions is CO2, whose density is higher than 
that of air.  The gas may accumulate in topographical depressions  in much  the 
same way as water does, but flowing more slowly. Thus “rivers” and “lakes” of CO2 
may form (Umbertide river shown in upper two figures on the left; gas flow is made 
visible by a smoke bomb).  That such accumulations are potentially lethal traps  is 
shown in the lower left figure, which shows an animal that was asphyxiated nearby.  
On the right is a local press cutting showing that human fatalities occur too.
The emission of endogenous gas from the soil (mainly CO2) is a phenomenon that affects large area of Italy.  Gas 
emissions occur in areas of active and extinct volcanism, geothermal areas and non-volcanic areas.  The gas is 
emitted both by diffuse degassing along active structures or by focused vents forming a mofete.  In most cases, the 
main component of the gas is CO2 and because its density is higher than that of air, it can accumulate in low-lying 
areas.   These accumulations can prove lethal to domestic and wild animals, and also humans.  The Civil Defense 
financed a project (INGV-DPC V5, 2005-2006) whose main objective is the mitigation of gas hazard in Italy through 
a coordinated and interdisciplinary study of degassing.  This project addresses the simulation of gas plumes in 
different meteorological conditions. 
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